Recent publications'-3 have pointed to a possible indirect involvement of DNAA4 in microsomal protein synthesis in E. coli preparations. Schulman and Bonner5 have reported the isolation of a DNA-RNA complex from a microsomal fraction from Neurospora crassa. These authors did not ascribe any significance to the fact that their material was found on the microsomes. In this paper, evidence is presented for the rapid incorporation of dTR-H3 into the DNA of a microsomal fraction from HeLa cells. The microsomal DNA became labeled prior to nuclear DNA during short-time exposures, and the microsomes contained, in addition to RNA polymerase, a significant part of the cellular DNA polymerase activity.
Recent publications'-3 have pointed to a possible indirect involvement of DNAA4 in microsomal protein synthesis in E. coli preparations. Schulman and Bonner5 have reported the isolation of a DNA-RNA complex from a microsomal fraction from Neurospora crassa. These authors did not ascribe any significance to the fact that their material was found on the microsomes. In this paper, evidence is presented for the rapid incorporation of dTR-H3 into the DNA of a microsomal fraction from HeLa cells. The microsomal DNA became labeled prior to nuclear DNA during short-time exposures, and the microsomes contained, in addition to RNA polymerase, a significant part of the cellular DNA polymerase activity.
Materials and Methods.-HeLa cells were cultivated as described previously6 and dTR-H3 was added directly to their growth medium in the incubator room. Exposures were terminated by the rapid withdrawal of medium followed by chilling of the cell sheets on ice, rinsing with Puck's saline and harvesting by scraping. Homogenization was as described by Magee and Burrous7 except that 5 mg/ml highly polymerized salmon sperm DNA replaced the glycerol in the suspending medium. Centrifugation was through a linear gradient from 54.6 to 18.0 per cent sucrose (w/v) at 35,000 rpm for eight hours. Nuclei were collected as a pellet from the bottom of the tubes. The nonnuclear radioactive material could also be isolated by a bulk fractional centrifugation of the total homogenate. The viscous homogenate was diluted with [3] [4] volumes of suspending medium without DNA, and the pellet sedimenting between 14,000 X g for 30 min and 160,000 X g for 120 min was collected. After resuspending with the aid of a teflon-glass homogenizer, the material was purified through a second cycle of centrifugation. -Distribution of the radioactivity in fractions from the gradient density centrifugation of an homogenate of HeLa cells which had been exposed to dTR-H3 for two hr. * = total radioactivity; A = cold acid-insoluble radioactivity.
after gradient density centrifugation of an homogenate of cells which had been exposed to dTR-H3 for two hr. There was a very large amount of radioactivity in the slowly sedimenting fraction. This radioactivity was precipitated together with added carrier DNA by the addition of perchloric acid. The distribution of radioactivity shown in Figure 1 was strictly dependent on the addition of large amounts of DNA to the cell suspension prior to homogenization. Homogenates which were prepared without the addition of DNA contained much less radioactivity in this fraction, although the distribution of total protein between this fraction and the nuclei was comparable. A possible explanation of this observation is that the DNA which was added during homogenization competed with the extranuclear DNA for electrostatic binding sites on the nucleus, thus preventing the nonspecific attachment of extranuclear DNA to the nucleus during isolation. Alternatively, any loosely bound DNA might have been detached from the nuclear surface by the added DNA, for instance by breaking of salt bridges. In preliminary experiments, it has been possible to extract nuclei (prepared with the aid of glycerol) with high DNA concentrations. Extranuclear fractions were isolated which showed higher ratios of radioactivity to absorption at 260 m~i than the controls which were homogenized with DNA directly. As the methods shown in Figure 1 afforded a good separation between the nuclei and the essentially unbroken cells, it was possible to compare the amount of acid-insoluble radioactivity in the nuclear and microsomal DNA. Label was supplied as 2.1 mgtmoles/ml (specific activity 7 mc/,smole) directly into the culture medium. Particles were prepared and separated as in Figure 1 , and acid-insoluble radioactivity determined. A radioactivity in nuclei; A radioactivity in extranuclear DNA; 0 = per cent of radioactivity (extranuclear/ [nuclear + extranuclear] X 100) in the extranuclear fraction. fractions directly. Figure 2 summarizes such an experiment for several very short exposure times. The results are expressed as the actual counts observed as well as the percentage of the combined radioactivities of these fractions which was found in the extranuclear material. In separate experiments in which longer exposure times were used, 30 to 40 per cent of the total radioactivity was found in the extranuclear fraction, suggesting that this corresponded to a steady-state level. The results clearly imply that initially the extranuclear DNA was more highly labeled than the nuclei. This would hardly have been the case if radioactivity in this fraction was an artifact of isolation. Table 1 is a compilation of results which demonstrate that the extranuclear radioactivity following exposure of cells to dTR-H3 was bound to the microsomes. Most of the radioactivity was found in a pellet which was obtained by fractional centifugation between 14,000 and 160,000 X g. Centrifugation of the resuspended particles after incubation with Mg+ + and phosphate buffer for 30 min did not result in a loss of radioactivity from this fraction. However, treatment with deoxycholate9 dissociated the radioactivity. DNAse in contrast to RNAse converted the radioactive material to an acid-soluble form. It is interesting that similar observations were reported by Schulman and Bonner for their DNA-RNA complex5 although the particles from HeLa cells did not contain a bound nuclease. Preliminary results with CsCl gradient density centrifugation of the deoxychlolatesolubilized radioactivity suggested that the radioactivity resided in a fraction having a density similar to that of native HeLa DNA along with one or perhaps two small fractions of much lower density. Sizing of the microsomes by centrifugation through dilute sucrose gradients10 did not reveal any preferential labeling patterns. Table 2 presents the results of in vitro experiments to detect the presence of DNA polymerase in the washed microsome preparations. As can be seen, the spe- Soluble fraction
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Homogenates were prepared as described in Figure 1 . Nuclei were isolated from the 14,000 X g pellet as in reference 7; mitochondria were isolated from the nuclear supernatant by centrifugation at 14,000 X g for 30 min after removal of the cell debris. The incubation mixture was patterned after Bollum" and Magee (personal communication) cific activity of DNA polymerase on the microsomes is lower than that of the total homogenate, but nonetheless this fraction did account for 10 per cent of the total polymerase activity which was recovered upon fractionation, while the nuclei were essentially inactive. In other experiments, a 100-fold excess of CTP caused a 30 per cent inhibition of the incorporation of the dCTP-H3, and the omission of DNA from the incubation mixture resulted in a 60 per cent decrease in the activity of the microsomes. These observations are in agreement with a presumed incorporation of dCTP into DNA in this preparation. On the other hand, omission of DNA primer completely eliminated the incorporation of ATP-H3 into acid-insoluble material by a microsome preparation in agreement with the observations of others concerning the DNA-dependence of RNA polymerase. In recent years, a number of theories have been proposed to account for the formation of specific antibodies. For the most part, these theories have been concerned with the cellular mechanisms by which specificity is achieved rather than with the molecular structure of antibodies. A knowledge of this structure nevertheless bears directly upon the question of the chemical basis of immunologic specificity, and therefore indirectly upon the processes by which antibodies are formed.
Antibodies belong to a complex and heterogeneous collection of proteins having different properties, yet possessing sufficient structural similarities to justify a generic name: the y-system.1 Included within this system are the normal serum
